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COST STUDY ON THE PRODUCTION OF 84,000 TID OF CRUSHED SHALE 

FRO!,T GYRATORY-CONE CRUSHING PLANTS 

I. INTRODUCTION 
Early economic studies indicated that the cost differentials 
between processing different size shales were small. IImolever, 
there were serious reservations about the quality of the 
crushing cost numbers. Also, calculations showed an incentive 
to fractionate (by screening) a full range shale into t\,10 or 
three narrow ranges, but no cost data existed to determine 
what this extra screening might cost. 
Reliable economics are a necessity to help determine the demon­
stration runs to be performed in Stage II. Therefore, this 
study was undertaken to provide firm values for crushing costs 




II. SCOPE OF THE STUDY 
Gyratory and cone crushers were chosen as the design basis 
for the cost study for the following reasons. Nordberg 
M.anufacturing Co. has supplied Anvil Points with capacity 
and cost information on certain gyratory and cone crushers, 
but they are not in a position to supply us with a cost 
study. Allis-Chalmers will provide a cost study of the same 
concept as this study which will utilize single and double 
roll crushers. Therefore, the study presented in the memo­
randum will provide a basis for coml;)arison bet"reen gyratory­
cone and roll crusher installations. 
This cost study is a preliminary cost estimate upgraded in 
certain areas to furnish reliable cost differentials between 
production of different product sizes. 0uick calculations 
and judgment were used to minimize the total investment and 
to evaluate major design alternates. No detailed design work 
was done. The economics in this study should be used for 




III. Sur-1MARY OF HAJOR CONCLUSIONS 
Crushing costs were determined for four different size pro­
ducts at a production rate of 84,000 T/CD. The table below 
gives these costs which include a 10% DCF return on invest­
ment over a 15 year life: 
Product Haximum Size, Inches: 3 2 1/2 2 1 1/2

Fixed Capital Investment, ml!$ 14.2 14.9 15.4 17.3 

Production Cost, ¢/Ton: 13.4 13.9 14.4 16.2 

The above costs include intermediate storage facilities and 
screeninq to produce t~10 fractions for retortinq and a 1/4 
inch minus fines fraction. Neither escalation, working capital, 
or cost for land are included in the above investments. 
The cost of screening different numbers of fractions for 
retorting was estimated for the production of 2 1/2 inch minus 
shale only, and assumed to be valid for the other sizes. Re­
suIts of this calculation are given below: 
Total Number of Fractions Produced: 2 3 4 
Cost Differential From Base Case, ¢/Ton: -0.4 (base) +0.1 
Cost differentials were estimated on the basis of multiple 
deck screens. Later conversations with screen manufacturers 
indicate that mUltiple deck screens would not give the desired 
high separation efficiencies on the lmY'er decks, but use of 
single deck screens would correct this. Althouqh no calculations 
have been made, single deck screens should raise the absolute 
cost level and only change the cost differentials a minor amount. 
The reason for this is that the screening area required will 
stay constant but the cost of the screening equipment will in­
crease. 
The results of the study will also prove valuable as a guide 
to the crushing research program. Additional information will 
be required in the following areas in order to develop reliable 
crushing costs. Reliable size distributions for the mine run 
and crusher products are required along with crusher capacity 
data to set the number of crushers required. Since the entire 
plant is designed based on the number of crushers required, 
capacity and size distribution data are especially important. 
Investment in crushers represents 27% of the major onsite equip­
ment investment which means costs may be able to be reduced 
by substituting a lower cost type of crusher for the gyratory­
cone crushers. Finally, good reliable maintenance data are 
required to determine equipment service factor and maintenance 
costs: both of these factors were found to be important in 




IV. CRUSHING PLANT FLOWSHEETS 
In order to develop a flowsheet, the mine run distribution, 
the crusher product distributions, and crusher capacity data 
must be available. The number of crushers is directly 
determined by the amount of oversize from the preceding 
stage and the capacity of the crusher. No good quality data 
on distributions and capacities existed at the time of this 
study. Consequently, these data were estimated from miscellane­
ous shale crushing tests, literature sources, and discussions 
with Nordberg representatives. 
The mine run distribution was obtained from Figure 3, "Experi­
ments in Crushing Green River Oil Shale", RI 5563. Comparison 
of the distributions shown on Figure 3 with some typical dis­
tributions published by Allis-Chalmers showed oil shale to 
have considerably more material passing a given size than the 
average of the typical distributions. Report PI 5563 states 
that the mine run distribution presented may not be reliable 
because of sampling problems, which may explain the dis­
crepancy. The distribution used in this study lies toward 
the lower limit curve in RI 5563, and is shown on Figure 1 of this 
report. Crushing costs ~~Tould definitely increase if the mine run 
size of oil shale is larger than assumed in this study. 
Crusher product distributions were developed from oil shale 
crushing test data where possible and from typical distributions 
from Taggart and other sources. The distributions used in this 
study are given on Figures 1, 2, and 3. Data on product 
distributions from crushing oil shale were obtained from 
Nordberg, McLanahan, RI 5563, and the Anvil Points facilities. 
These data were either used directly or for relative effects 
in determining the final distributions. 
Crusher capacity versus setting data was determined with 
additional information provided by N'ordberg. The 54" X 80" 
primary gyratory designed with a small 210 nip angle for oil 
shale would have a capacity of 2,450 tons per hour of mine 
run at an 8 inch open side setting with a 1 3/4 inch throw. 
Capacities for standard and shorthead cone crushers are based 
on adjusted data from Nordberg Bulletin 322A. These data 
were adjusted to correct to the proper bulk density of oil 
shale and to adjust the basis to a surge bin-solid feeder 
installation. The resulting capacity data is shm'1n on 
Figures 2 and 3. None of the capacity or size distribution 
data developed represents actual tests on oil shale with the 
specific equipment used in this study. 
The information described above was used to obtain the crushing 
sequence which would give the minimum number of crushers and 
auxiliary equipment. These flowsheets are shown on Fiqure 4. 
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No detailed calculations were done to support what is con­
sidered the best sequence; rather, they were based on quick 
calculations and judgment. Each flow line is labeled with 
the percentage of mine run which it represents. It can be 
seen from Figure 4 that the major reason why the number of 
crushers increases sharply as product size decreases is the 
amount of secondary stage oversize. 
In all of the crushing sequences c~osen, each of the reduc­
tion stages have reduction ratios (80% size of feed ~ivided 
by 80~ S1ze ·of product) that are lot~er than average. The reason 
for this is that the overall reduction ratio between mine 
run and final product is low because the mine run has 80% 
passing at only 15 inches. Overall reduction ratios range 
from 7.5 for 3 inch minus product to 11.5 for 1 1/2 inch 
product. Three stages are required because an extra coarse 
cavity in the secondary crusher prevents production of a 
product smaller than 3 inch minus in open circuit. The 
extra coarse cavity is required to accept the larger pieces 
in the primary product. Low reduction ratios do not 
necessarily imply that more crushers are used than required, 
since capacity decreases with increasing reduction ratios. 
- 11 ­
v. Description of Designs 
A. Design Philosophy 
A paper layout for each crushing station was developed to 
insure the design chosen was workable, that all equipment 
required was included, and to set a reasonable size for 
the equipment. Cost differentials are improved since 
these paper layouts also helped reflect small equipment 
differences between cases. The layouts are conceptual 
only and co not necessarily represent any specific design
practices or engineering studies. 
The plants are designed to run at close to maximum 
capacity in order to minimize investment capital. The 
reported high service factors of gyratory and cone 
crushers make this type of a design feasible. A dual 
production line concept is incorporated where ?ractical 
to allow the retorts to operate at half to full capacity 
depending on the location of a major mechanical break­
down. The only IT'ajor cost for the dual production line 
concept is in incremental main haulage conveyors. Spare 
heads, bo,..,ls, and main shaft assemblies are provided 
for the crushers and these are relined with hardfacing 
when they are out of service. ~llien a crusher hardfacing 
surface is worn, the old assembly is pulled out and a 
relined spare assembly is inserted. Screening plants 
are provided with two extra screens to permit changing 
screening surfaces or mechanical repairs when necessary_ 
Preventive maintenance along with repair facilities and 
an adequate spare parts inventory would be a necessity. 
B. Description of Facilities 
The primary crushing station receives mine run shale and 
reduces the size so that 90% passes an 8 inch square 
opening. The layout design is shmtln on Figure 5. Fine 
run shale is brought in by truck at a rate of 1 to 3 
trucks per minute (depending on the size of the trucks) 
for an 18 hour haulage day. The trucks dump over either 
of two 80 foot wide grizzlies; the width is required to 
provide room for trucks to operate \'lithout interference 
with each other and to permit periodic repairs to portions 
of the grizzly without interference with operations. The 
grizzly divides the mine run into 8 inch minus which is 
immediately conveyed to the secondary crushing station 
and 8 inch plus which is sent to a 54" X 80" primary 
gyratory crusher. Except for small surge piles for con­





Crushing station layouts for final reduction are shown on 
Figures 6, 7, 8, and 9. These stations are designed to 
receive primary product for 18 hours per day and do 
final reduction 22 hours per day. If these stations 
were also designed for 18 hour per day operatio~ a 22% 
increase in crusher capacity would be required, the 
crushers would not be operated at maximum service factor, 
and the only major savings would be in incremental surge 
volume required. The capability of operating the crushers 
for 22 hours per day is confirmed by Taggart anc Nordberg. 
trlhen a crusher would be down 24 hours to replace the 
liners (1 to 2 times a year), about three days of crushing 
at 23 hours per day would be required to catch up. 
Transportation and storage facilities provide a link be­
tween the final reduction station which operates 22 hours 
per day and the screening plant which operates 24 hours 
per day, as well as storaqe of crushed product for 
emergency use. Figure 10 gives the layout used for these 
facilities. Any segregation problems in the bins could 
have a profound effect in a fractionated feed retort 
system. Consequently, specially shaped bins, internals, 
and multipoint drawoff are provided to combat segregation. 
In order to control shale output, a computer control loop 
would be used which would monitor the amount of fines 
rejection at the screening plant and shale leaving the 
storage bins to control the solids feeders. 
Details of the basic screening facilities are shown on 
Figure 11. The unscreened crushed rock is dumped in a 
surge bin that forms the roof of the building, and then 
distributed to a screener on either side of the building 
to form a dual production line. Each of the product
fractions produced is deposited on a collection conveyor 
for transportation to the retorts or fines disposal 
facilities. 
C. Use of 1'1ultiple Decr. Screens 
Both the final reduction stations anD the screening olants 
utilized double and triple deck screens to conserve space 
and minimize investment. Conversations with manufacturers 
indicate the lower decks would not have high efficiency 
for these reasons: 
l"ihen the vibration intensity (frequency X travel) 
is correct to keep the top deck from blinding, 
material on the lower decks travels too far with 
each vibration which reduces the number of contacts 
with the screening surface. 
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The total screening surface on the lower decks is 
not used since some material does not get through 
the top deck until it has traveled considerably 
along the top deck. 
Single deck screens would be required in the screening 
plant for high efficiency separations. Eowever, it is 
believed that multiple deck screens can be used in the 
final reduction stations successfully. For instance, in 
the worst case where 1 1/2 inch plus is screened out of 
the primary product, the deck sizes range from 5 inches 
to 1 1/2 inch. Recommended travel is 0.5 and 0.3 inches 
respectively and recommended frequencies are both 900 
RP~<1.; therefore, the screen would be designed for 0.5 
inch travel and 900 Rpr~. The efficiency loss could be 
partially compensated for by using screens with high 
length to width ratios. Also any undersize in primary 






VI. Economic Calculations 
A. Development of Fixed Capital Investment 
The investment required \las obtained by sizing all major 
equipment, and then translating this to onsite equipnent
investment by the use of the "cost curve" technique. Per­
centaqe factors were then used to obtain cost of utilities, 
services, engineering and construction for calculation of 
total fixed capital investments. Details of the calcu­
lations are described in the following paragraphs. 
Detailed cost estimate breakdowns for the major onsite 
equipment are given in Tables 2 through 13. Sources for 
these costs are given under References, and the costs 
have been updated to first quarter 1966 where necessary. 
Installation cost represents labor to bring the equipment 
from the receiving site to the foundation, secure and 
align the equipment on the foundation, and connect it 
to drives, piping, power, etc. Delivery charges (shipping 
charges) are estimated to average $2.60 per cwt and the 
average equipment value is taken to be one dollar per 
pound. 
Total physical costs \-Tere estimated based on Reference 8. 
!~ajor installed equipment, the electrical distribution 
system, underground development, and buildings were 
directly estimated, while foundations and supporting 
structures, piping, and instrumentation were estimated 
as a percentage of installed equipment. Total physical 
cost workups are presented in Tables 14 through 19. 
Utilities and Services were estimated as percentages
typical of incremental facilities, since they would be 
part of a shale oil production complex. 
Labor location factor, engineering and construction cost, 
and contractor's fee were obtained by consultation with 
the ~echanical Engineering Group. The contract bids for 
Retort No. 3 were used to establish the above factors. 
A 15% contingency was used to reflect the relatively 
remote location where one of these complexes may be 
built. Location factors such as distance from supply 
houses, inclement weather, and the effect of altitude 
on productivity were considered in setting the contin­
gency factor. 
B. Development of Production costs 
Table 20 breaks the estimated crushing cost down into its 
components. The basis for the cost of capital and a 
typical calculation are given in Table 21. Operating 
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labor and supervision costs, developed in Table 22, were 
estimated on the basis of an automated, central con­
trolled facility. The proposed staffing was reviewed 
with a Nordberg sales representative to insure the esti­
mate is reasonable. 
Maintenance costs are set so that expenditures would 
average 6% per year of investment. Very little specific 
data were available on maintenance costs for crushing 
plants; rough (estimated) nurobers available ranged from 
5% toB. 6% of investment per year. !lfaintenance costs 
are increased, in this study, according to an investment­
age correlation which reflects the increasing maintenance 
cost as equipment grows older. The general basis for the 
maintenance schedule is given in Reference 2, pp 329 - 334. 
The net effect of increasing maintenance costs with time 
is that maintenance costs on a DCF present value basis 
are slightly under 5% of investment per year versus the 
average of 6% per year in undiscounted dollars. Develop­
ment of the maintenance schedules used in this study is 
covered in Table 23. 
Electric power costs are broken into two components ­
power consumed by the crushers and po",rer consumed by all 
other equipment. Power required for crushing was calculated 
by the method developed by F. C. Bond. A l'7ork index of 
12 ~qas used for 30 gallon per ton shale based on infor­
mation supplied by Allis-Chalmers. The ':blast factor" is 
assumed to be equal to the mechanical inefficiencies of 
the crusher and its drive. POl-!er requirements for the 
other equipment were calculated by Rumming the product 
of the installed killowatts times operating hours per 
day for each piece of equipment, and multiplying this sum 
by 90% to relate actual demand to the installed demand 
for onsite equipment. The power cost was taken as l¢ 
per K~mr to be consistent with the other economic studies. 
Costs for general overhead and insurance and taxes are 
included in this study. Insurance and (local) taxes 
are set at 1.5% of investment per year. General over­
head expense is set at 1.5% of investment per year, which 
amounts to approximately 40% of operating and maintenance 
labor costs including benefits. Costs for higher level 
local supervision and support personnel (draftsman, payroll, 
etc.), office supplies, and utility and service facilities 
staff and supplies are covered by general overhead. The 
general overhead costs are assumed to be incremental costs 




VII. ANALYSIS OF RESULTS AND SENSITIVITY STUDIES 
A. Weak Cost Areas Determined 
It is possible to learn a great deal about the quality 
of the individual cost items that make up the crushing 
cost because of the depth of the study. This analysis, 
in turn, can be used to guide future effort in crushing
research. 
Table 20 gives the breakdown of the crushing cost in 
percents for each component. The cost of capital and the 
maintenance cost on this investment represent about 75% 
of the total cost. For 2 1/2 inch minus production,
investments in crushers represent about 17% of onsite 
investment, and 27% of major equipment investment. 
Gyratory and cone crushers are high unit cost equipment 
because of their size and fine machining reauired in 
fabrication. Substitution of a more moderately priced 
crusher such as a roll crusher may reduce cost signifi­
cantly. However, careful evaluations must be made since 
the auxiliary equipment for the crushers (feeders, screens, 
etc.) may upset any savings if the use of moderately 
priced crushers requires more crushers for the same 
total throughput. 
Maintenance costs have not been firmly established pri­
marily because of the lack of reliable data sources at 
the Research Center. Although an average of 6% of invest­
ment per year was used, other estimates ranged from 5% 
to 9%. Maintenance requirements are important from 
another standpoint since they provide an estimate of the 
equipment service factor (or availability). As service 
factor decreases, capital investment must increase to 
provide the additional capacity for constant throughput. 
Again careful evaluation will be necessary to ensure 
meaningful differentials between different types of 
crushing plants. 
The remaining costs individually represent a small portion 
of the total cost. Operating labor is about 8% of the 
total cost, and is considered to be a firm number. 
Electricity costs total about 5%, and are considered to 
be firm since installed KWHr per ton check fairly ~~ell 
with other studies. Reasonable variations in the 
crushing work index or cost of power would not have a 
large effect on total cost. The remaining costs of 
insurance and taxes and general overhead can not be 
firmly established until an actual complex is designed 
and the auxiliary facilities required are determined. 
- 17 ­
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B. 	 Possible Range of Crushing Cost Differentials 
The crushing cost differentials between production of 
different sizes of crushed shale are sho'-tn below: 
Size 	 3" 2 1/2" 2" 1 1/2" 
Differential Cost 

Bet~.qeen Sizes, ¢/T 0.5 0.5 1.8 

The differentials are calculated from Table 20. A 
quick study was done to determine the possible range 
for these differentials. This information is necessary 
to determine the amount of confidence in the optimum 
shale size as determined by the economics. 
The possible range was determined by using the 3 inch 
minus case as a base case to estimate investment 
dependent costs for the 2 1/2 inch minus, 2 inch minus, 
and 1 1/2 inch minus cases. For the lower limit, only 
the cost of the additional secondary and tertiary 
crushers were added to the 3 inch minus case investment. 
For the upper limit, the onsite cost of the secondary 
crushing station was divided by the number of secondary 
crushers to obtain a unit cost. This unit cost was then 
multiplied by the number of additional crushers required 
in each case and added to the 3 inch minus case invest­
ment to obtain total investment. Details of the calcu­
lations are shown on Table 24. 
Results of these calculations are summarized below: 
Size 	 3" 2 1/2" 2" 1 1/2" 
Differential Cost Between Sizes, ¢/T 
f.iaximum 1.1 1.2 3.5 
Estimated 0.5 0.5 1.8 
Ninimum 0.3 0.4 1.3 
The maximum and minimum differentials are probably out­
side limits because of the basis chosen for calculation. 
It is concluded from these calculations that the cost 
differentials are reasonably accurate. 
c. 	 Cost of Screening One, Two, and Three Retortinq 
Fractions 
The cost of screening to produce one to three retorting 
feed fractions was determined for the 2 1/2 inch minus 
product case. Results of these calculations are shown 





higher production cost than one fraction, three fractions 
have about the same production cost as screening two 
fractions. The primary reason for this is that coarse 
cuts are taken out of the crusher product to remove 1/4 
inch minus with the minimum total screen area. t~'hen 
producing two or three fractions, these coarse cuts must 
conform to the specific fraction sizes. However, the 
coarse cuts can be chosen to minimize total screen area 
(and therefore minimize cost) for the wide range cut. 
The actual calculations showed three fractions to cost 
about the same as t\'l0 fractions. The reason for this 
is that two fractions require two more screens than three 
fractions, but two fractions require fewer conveyor belts. 
If an actual design were to be done, there is a good 
possibility that two fractions would require slightly 
less investment than a more complex three fraction system. 
Therefore, the cost differential for three fractions 
over two fractions was set at O.l¢ per ton. 
Later discussions with screen manufacturers indicate that 
multiple deck screens would not have the required high 
efficiencies on the lower decks. This problem is dis­
cussed in this report under Use of Multiple Deck Screens. 
It is believed that the use of sIngle deck screens would 
not change the cost differentials greatly but only raise 
the absolute cost level. The reason is that the screening 
area required is the same but all the multiple deck screens 
would be replaced by single deck screens. This extra 
cost for single deck screens would have to be balanced 
against the increased retorting cost for sloppy fractions. 
D. Costs for 20% Return on Investment 
Table 26 gives the cost of crushing when a 20% DCF return 
is required on investment. The general cost increases 
considerably because crushing is a high investment 
operation. A requirement for a return between 10% and 
20% puts additional emphasis on work to reduce crushing 
investment. 
E. Elimination of Shale Storage 
A suggestion was made by one of the Mining Engineers that 
a worked out area of the mine be used for crushed shale 
storage in place of the underground storage bins. If 
the mine was shut down temporarily either because of 
internal problems or a crushing plant breakdown, the 
idled trucks could be used to haul shale to the screening 
plant. It was calculated that elimination of the bins 
could save as much as 0.7¢ per ton in the production cost 
of 2 1/2 inch minus shale. In view of the possible 
segregation problems with the bins, this seems worthwhile 
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STANDARD CONE CRUSHER PRODUC'r DISTRIBUTIONS 
Capacities 
C.S.S. 	 1 1/4 -I 1/2 1 3/4 

TPH 580 700 820 

NOTE: 	 Product Size Distributions and capacity data are 













SHORT HEAD CONE CRUSHER PRODUCT DISTRIBUTION 
For a clos.ed circuit'operation at 3/4" C.S.S. 
Capacity at 3/4" C.S.S. (closed circuit) = 3l~ TPH 
NOTE: . Product size ~istribution and capacity data are estimated 
























Percen~ Passing Through Screen 
2/1/67 
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,. j "" ..... #\..{ .• .J',I..-t.:lt:r.. (2 ) Types of Crushers: 
;'1 >::";" '" i PriM?rl ~VO~TO~Y Crusher 
~ ~. . . --- ._- -. -- ..(3) S e1: clngs :L-
DESCRIP'l'IO:~ 
o.S.S. = ODen Side Setting 






























2. SURGE BINS 
3. PRIMARY CRUSHEf~ FEEDER 
4. PRJ ~\I!;-\RY CRUSHE;:(.S 
5, PRIMARY PRODUCT 
CONVEYOR Bl::L T~",; 
6. OVERf-lEAD 	 GANTF~Y 
CRANES 
CO~CEPTUhL DE~IGN-DOES NOT 
NECESSARILY REPRESENT 
SPECIFIC DESIGN PRhCTICES 
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CONCEPTUAL DESIGN-DOES ~OT 
SECONDARY CRUSHING~GCESSARILY REPRESENT 
SPECIFIC DESIGN PRACTICES STATIO 3" ­
O~ AN ENGINEERING STUDY 
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I !::~~'JCEPTUAL DESIGN -DOES NOT . '::CESSARILY REPRESENT 
::";XIPIC DESIGN PRAC'rrCES 


















Oversize Collection Conveyor 
Tertiary Crusher 
2 1/2"- Product Conveyor Belts 
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Primary Product Conveyor Belts I 
Intermediate Storage 
I
Solids Feeder I 
Primary Screener 
Secondary Crusher ; 
j
Secondary Screener I, 
Oversize and Recycle Conveyor Belt : 
Tertia~y Crusher 
Tertiary Screener 
2"- Product Conveyor Belts 
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C:C)'JCEPTUAL DESIGN-DOES NOT 
~~CESSARILY REPRESENT 
;;~I':CIFIC DESIGN PRACTICES 
0R AN ENGINEERING STUDY 
1. Primary Product Conveyor 
2. Intermediate Storage 
3. Solids Feeders 
4. Primary Screener 
5. Secondary Crusher 
6 • Secondary Screener 
7. Oversize and Recycle Conveyor Belts 
8. Tertiary Crusher 
9. Tertiary Screener 
10. 1 1/2"- Product Conveyor Belts 
, 
























L:'" _) • 
[el ,I' 
ION 	 SECTION A-A 
1. 	 Conveyor Belts From Secondary Crushin~ 
Station 
2. 	 Travelin'q Trippers 
3. 	 ~ultiple Point Drawoff (see detail) 
4. 	 Solids Feeder 
5. 	 Conveyor Belts To Screening Plant 
CD:-JCEPTUAT.... DESrr:;N-DOES NOT TRANSPORTATION At\! 0 
NECESSARILY REPRESENT CTn AGE C,\'-'1I ,""-1r-I...... C 	ii_ tSPECIFIC DESIG:J P~ACTICES ,_.:l tV"",", ..., 
NO SCALE OR AN ENGINEERI~G STUDY 
SCALE : ;·~,2C) / 	 ~l\Rei tz 
--,---~---,----.-- .. --. ­" ,......_". 




) FIGURE 11 

ON 
,-..-.....- . -- --.- --1--~ 
AVE~r" . rll, l I . r,"_"', ~Vi" 50 FT, I ! ~fiJ 
70 FT. 
, . Ir::::r :=:r , 




AVERAGE RUN :t7 
I 





1. ~-~ ''!eyor Eelts From Storage 





3. -~cJs Feeder 
i 4. :.12. tideck Screener o (l~)I 
I 5. rnnveyor Oelts - One for each retorting 
I 
I t-,-lction plus one for 1/4 It - fines. 
6. ;:~,~ rvice Hoist 
NO SCALE 
CONCEPTUAL DESIGN-DOES NOT 
NECESSARILY REPRBSENT 
SPECIFIC DESIG~ PRACTICES 
OR AN ENGINEERING STUDY 
il,LJ: : C1\~- :::T RAReitz 
--~-~--"---"------'---- ......._----_ .._._----­
TABLE 1 
GENERAL INFO~"'1ATION FOR TABLES 2 -18 
Tables 2 - 13 
1. 	 Equipment costs obtained by cost curve technique 
and do not represent actual bids. Equipment costs 
do not include delivery charges. 
2. 	 Installation cost is charge for labor to bring 
equipment from receiving site to its foundation, 
secure and align the equipment on the foundation, 
and make final connection to drives, piping, pm'ler, etc. 
3. 	 Delivery charges are estimated to average $2.60 per 
C\vT and the average equipment value is taken as $1 per lb. 
4. 	 Number of fractions screened on Tables 8 - 13 represent 
total of fractions retorted plus a discarded 1/4"­
fines fraction. 
Tables 14 - 18 
1. 	 Miscellaneous includes painting, any insulation 

required, final site preparation, etc. 

2. 	 Underground development costs used are $1.50/cu. yd. 
for easily developed areas (i.e. conveyor adits), 
$3.00/cu. yd. for average areas (i.e. storage bins), 
and $5.00/cu. yd. for complicated areas (i.e. specially 
shaped areas). The above costs do not represent any 
detailed investigation of undergr~und development 
costs. 
3. 	 Installed electrical capacity (KVA) was estimated 
from the equipment lists, and this in turn used 
to estimate costs for feeder cables, substation, 






HAJOR EQUIPMENT LIST 
PRIMARY CRUSHING STATION 
Unit Cost f..1$ 
No. Equipment 
2 54" X 80' qyratory crusher with hydraulic support 
2 400 HP motor for above 
2 Floatinq shaft drive 
2 Set of.liners 
1 Spare head 
1 Crane truck, 25T cap. (grizzly maintenance) 

2 Grizzly, 8" spacing 

2 Primary Crusher Feeder (72" X 50 ') 

2 20 HP motor for above 

4 Apron Feeders 60" X 30', 15 lIP motor 
4 Bin Internals 
1 Conveyor 60" X 260', 30 HP motor 

1 Conveyor 60" X 180', 20 HP motor 

1 Dust System 

2 Overhead Cranes 

2 Truck dump blocks 

Subtotal 
Miscellaneous Unlisted Items (2%) 
Delivery Charges (2.6¢ X 1 ) 













































1 ~--6-5-8 • 5 
33.2 









HAJOR EQUIPMENT LIST 
SECONDARY CRUSHING STATION 
3"- PRODUCT 
Uni t Cost, ?--r$ 
No. Equipment Installation Tota:..~", M$ 
4 7' Standard Symons Cone Crushers 
4 Hydraulic Setting and Clamping Mechanism 
4 300 HP, 720 RPM Hotor 
4 V Belt Drives 
2 Spare Head Assambly 
2 Spare Bowl Assembly 
4 72" X 20' Apron Feeders with 10 HP Motor 
4 Bin Internals 
4 Primary Screens, 7' X 20' Double Deck, enclosed 
with 40 HP Motor 
4 Secondary Screens, 6' X 14' S.D. enclosed, 10 HP 
r~tor 
4 Sets of Duct and Chute Work for Screens 
1 Dust Collection System 
1 Service Overhead Crane 
1 Recycle Conveying System, 2411 X 600', 65 HP 
2 Primary Product Conveyors, 60" X 2500', 350 HP, 
traveling trippers (2 @ 10 HP) 
Total 
Miscellaneous Unlisted Items (2 %) 

































6 r; • 0 
,1 '1. 0 
11 ::' . 2 





































MAJOR EQUIPMENT LIST 
SECONill[~y CRUSHI1fG:STATION 
2 1/2"­ PRO~UCT 
Eauipment----------" "---­
7' Standard Symons Cone Crusher 
IIydraulic Setting & Clamping r'lechanism 
300 BP, 720 RPM Motors & V belt drives 
Spare head & bowl assemblies 
72" X 20' lmron Feeders wi th 10 HP motors 
Bin Internals 
Primary Screens, 7' X 20' D. D. enclosed, 40 HP 
motor 
Secondary Screens, 7' X 16' S. D. enclosed, 15 HP 
motor 
Sets of duct & chute work for screens 
Short head 7' Symons Cone Crusher 
Hydraulic Setting & Clamping r-1echanism 
300 lIP, 720 RPM motor & V belt drives 
Feed Hopper Chute & discharge chute 
Spare Head & Bmll Assembly 
Oversize reclaiming conveyor, 30" X ISO', 7.5 HP 
motor 
Oversize elevation conveyor, 30" X 175', 25HP motor 
Primary Product Conveyors, 60" X 2500', 350 HP motor, 


































traveling trippers (2@ 10 HP) 334.7 40.2 
Dust Collection System 
Overhead Crane 






'1.1, • 0 















Miscellaneous Unlisted Items (2%) 
Delivery Charges (2.6¢ X 1 )
$ 1.136 



























MAJOR EQUIPMENT LIST 
SECONDARY CRUSHING STATION 
2 " - PRODUCT 
Unit Cost, M$ 
_____________________E_q~u.~p.men_t____________________,______ Equipmen t Int s t-a'-;1'-'1;-a-t:-1"-'o-n­
7' Standard Symons Cone Crusher 
Hydraulic Setting & Clamping Mechanisms 
300 lIP, 720 RPM Hotors & V belt drives 
Spare Head & Bowl Assemblies 
Bin Internals 
72" X 20' Apron Feeders with 10 lIP motors 










Secondary Screens, 7' X 20' D. D., enclosed, 20 HP 
motor 12.7 
Sets of Chutes for Screens ,6.0 
Oversize Prod. Conveyor Belt, 48" X 240', 20 HP motor 22.8 
Oversize Prod. Conveyor Belt, 48" X 240',100 HP motor 
& motorized tripper (3.5 lIP) 32.6 
Double Compartment Bin 
F66 Syntron Feeders 12.1 
7' X 14' S. D. enclosed Screens, 10 HP motor 7.1 
Sets of Chutes for Screen . 
Primary Product Conveyors, 60" X 2500', 
trippers (2@ 10 HP) 
Dust Collecting System 
Overhead Crane 
Miscellaneous Unlisted, 



















































MAJOR EQUIPHENT LIST 
TRANSPORTA~~-ANo-STORAGE-~ACILITES,,----­
Unit Cost M$ 
No. Eq~~me_n_t_____________. EquIpment Inst-a~l~l~a-t~io--n rro,·t . 0_~~, 
2 60" X 700' conveyor, 100 HP motor with 3 motorized 

(5 HP) trippers (Sec. Station to Storage) 89.1 10.B 10.9.8 

2 60" X 700' conveyor, 100 tIP motor, 1 motorized 

(5 HP) tripper, 250' enclosed (Storage to 

Screeninq)' 92.B 11.1 2fl7.8 

4 Belt Scales 1 .8 

8 F66 Syntron Feeders 12.1 1.2 .l n:: .4 

6 F86 Syntron Feeders 13.9 1.4 ;'i .8 

1 Dust .system i; . 0 

Subtotal 207.9 24.5 639.6 
Miscellaneous Unlisted Items (2.0%) 12.8 
6-5-2:'"4 
. 2 6¢ 1








MAJOR EQUIPMENT LIST 



























6' X 16' Double Deck Screen ­
enclosed with bottom discharge port, 15 lIP motor 

F55 Syntron Feede~ 
Sets of chutes 
Overhead Hoist (10 HP) 
54" X 114' belt conveyor, 

30" X 114' belt conveyor, 





54" X 70' belt conveyors, 







10 lIP motor (1" - 3") 
5 HP motor 
5 IfP motor 
enclosed, 
enclosed, 
(1/4" - 1") 
(1/4"-) 
10 HP motor 
5 HP motor 
Subtotal 
Miscellaneous Unlisted Items (2%) 
Delivery Charges (2.6¢ Xl)
























































MAJOR EQUIPMENT LIST 





Ins-t~a~l~la~t~i-o-n T6:tal, 1·1;; 
11 6' X 16 11 Triple Deck Screen. ­
enclosed with bottom discharge port, lS HP motor 
11 PSS Syntron Feeder 
11 Sets of Chutes 
2 60" X 102' belt conveyors, lS HP Hotor (1/4" ­
2 1/2") 

2 2411 X 1021 belt conveyors, S HP Motor (1/411-) 

2 60" X SOl belt conveyors, enclosed, 10 HP Motor 
2 Surge Bins 

1 Dust System 

2 Belt scales 

2 Overhead Hoist (10 lIP) 

Subtotal 
Miscellaneous Unlisted Items (@ 2%) 































I ') /{ /66J'., •.i 
') \ 
TABLE 10 
MAJOR EQUIPMENT LIST 

SCREEN INGPLANT---:---2-i72-rr::-;3 FRACT.IONS 

No. ____________________EquiE_m_e_n_t_________ 
Unit Cost H$ 
EgUipment InstalLation rr?~_al, M~ 
14 6' X 16' Double Deck Screen -
enclosed with bottom discharge port, 15 HP Motor 9.5 0.95 146.3 
14 
14 
F55 Syntron Feeder. 











54" X 114' 
36" X 114' 
24" X 114' 
belt conveyor, 10 HP motor (In - 2 1/2") 
belt conveyors, 5 HP motor (1/4"-lH) 







I • 4 
) • 4 
-, • 0 
2 
2 
54:' X 70 I 





10 IIP motor 













d (1 it 0 
lJi . 2 
18.8 
Subtotal 
Miscellaneous Unlisted Items (@ 2%) 
Delivery Charges (~X I tlA) 
Total 
75.2 8.55 ~; .1. (' .1 
1],0 
:) i"'j' , .. 








MAJOR EQUIPMENT LIST 
SCREENING PLANT: 2 1/2"- l 4' 
No. Equipment 
12 6' X 16' Triple Deck Screen ­
bottom discharge port, 15 HP motor 

i2 F55 Syntron Feeders 
12 Sets of Chutes 
2 42" X 102' conveyor, 7 • 5 ,lIP motor (1 1/2" - 2 1/2") 

2 36" X 102' conveyor, 7.5 HP motor (3/4" - 1 1/2") 

2 30" X 102' conveyor, 5 HP motor (1/4" - 3/4") 

2 2411 X 102' conveyor, 5 HP motor (1/4"-) 

2 42" X 80' conveyor, enclosed, 5 HP motor 

2 36" X 80' conveyor, enclosed, 5 lIP motor 

2 30" X 80' conveyor, enclosed, 3.5 HP motor 

6 Surge bins 

1 Dust System 

6 Belt scales 

2 Overhead hoist (10 HP) 

Subtotal 
Miscellaneous Unlisted Items (2%) 
. (2.6¢ 1)
De11very Charges --$-- X 1.115 
Total 
FRACTIONS 
















C 1 .2 
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, • 6 

, . 6 
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.1 ") • a 
(~ • 0 
1(,.2 














MAJOR EQUIPl'-tENT LIST 

SCREENING PLAN'f: 2 II ~--3FRACTIONS 

Unit Cost M$ 
No. •___E_'guipment Eg:uiEmemt In s ta:....,1"'"'1;;-a-t':"-1-r·o-n- 'I'o_tal~~ 
15 6' X 16' Double Deck Screen ­
enclosed, bottom discharge port, 15 HP motor 9.5 0.95 156.8 
15 FH45 Syntron Feeder 6.2 0.6 102.0 
15 Sets of Chutes 3.0 0.4 ''j J .0 
2 Overhead Hoist (10 liP) 7.0 0.7 1 ';; • 4 
2 48" X 126' belt conveyor, 10 lIP motor (I" - 2") 12.4 1.5 • o u 
2 36" X 126' belt conveyor, 5 HP motor (1/4" - 1") 10.0 1.2 • •"'1' 
2 30" X 126' belt conveyor, 5 HP motor (1/4 U_) 9.7 1.2 •J. 8 
2 48" X 70' belt conveyor, enclosed, 5 HP motor 8.5 1.0 I .• 0 
2 36" X 70' belt conveyor, enclosed, 3.5 HP motor 6.8 .8 11;'.2 
4 Surge Bins 110.0 

1 Dust System 13.3 

4 Bel t Scales· H:.8 

._--------------_...•.....•..._­
Subtotal 73.1 8.35 '50;1.5 
Miscellaneous Unlisted Items (2%) J r). 2 
:~-:''l . 2.6¢ 1
De11very Charges (-$--- X 1 114) :1 :).1 
• Total ")jrr:a 






MAJOR EQUIPMENT LIST 
SCREENING PLANT: rTT2""'-":"-~FRACTIONS 
Unit Cost M$ 
No. Eguipment EqufOTIlent Installat~on 
15 6' X 16' Double Deck Screen 

enclosed, bottom discharge port, 15 HP motor 9.5 0.95 

15 FH45 Syntron Feeder 6.2 0.6 
15 Sets of Chutes 3.0 0.4 
2 Overhead Hoist (10 HP) 7.0 0.7 
2 48" X 126' conveyor belts, 10 HP (3/4" - 1 1/2") 12.3 1.5 

2 36" X 126' conveyor belt, 5 HP (1/4 11 - 3/4") 10.0 1.2 

2 30" X 126' conveyor belt, enclosed, 5 UP (1/4"-) 9.7 1.2 

2 48" X 70' belt conveyor, enclosed, 7.5 HP motor 8.6 1.0 

2 36" X 70 ' belt conveyor, enclosed, 3.5 HP motor 6.8 0.8 

4 Surge Bins 

1 Dust System 

4 Belt Scales 

Subtotal 73.1 8.35 
Miscellaneous Unlisted Items (2%) 
Delivery Charges (2. 6¢ X _..!..._) 
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ONSITE INVESTMENT ESTIMATE 
-PRIMARY-C1illSifINGSTATION­
f1$ 
Major Equipment and Installation 1,678(1) 





Installed Power Capacity, KVA 1,000 

Underground Development 343 

Piping (@ 3%) 50 

Instrumentation (@ 5%) 84 

Electrical System 116 

Miscellaneous (@ 3%) 50 

Underground Development, M cu. yd. 110 

(1) Original estimate. A calculation error of 53 M$ was found 

on rechecking Table 2, which now shows the corrected total 











Major Equipment and Installation 





Piping (@ 3%) 





Miscellaneous (@ 3%) 

Underground Development, M Cu. Yd. 
















































~I \ \ 

TABLE 16 
ONSITE INVESTMENT ESTI}ffiTE 
TRANSp6RTATION--AN1flfTcmAG~F~LITIES 
M$ 
Major Equipment and Installation 668 
Foundations and Structures (@ 8%) 54 
Underground Development 349 
Piping (@ 3%) 20 
Instrumentation (@ 5%) 33 
Electrical System 80 
Miscellaneous (@ 3%) 20 
Total 1,224 
Underground Development, M Cu. Yd. 180 










Case 3-11 - 2-V2I '- 2 i/21r::----2-i/2"- 2"- 1 17;;(i'':''­
Fractions Produced(l) 3 2 3 4 3 3 -
Major Equipment and Installation 541 415 573 602 531 33 
Foundations and Structures (@ 8%) 43 33 46 48 42 113 
Building and Excavation 540 480 540 480 600 ····00 
Piping (@ 7%) 38 29 40 42 37 37 
Instrumentation (@ 8%) 43 52 58 55 56 ri 6 
Electrical System 56 . 33 46 48 43 43.._--_.-.,---­
Total 1,261 1,042 1,303 1,275 1,309 l,3l2 
Installed Power Capacity, KVA 600 600 600 600 600 GOO 



























Deve101ment, Bldg's Other ( ) 
Grand Total 
NOTE: {l)Other includes 
\ 
TABLE 18 
SUMMARY OF ONSITE INVESTMENT 
ENTIRE CRUStfINGA1iff)<-SCRErEI,f:tNGUC-fLITIES 
3"- 2 1/2"- 2"- 1 1/2":___ 




:;r;3-8-8----3()----2~388-<2,388 31 29 
1,885 2,096 2,257 
328 376 406 
583 644 700 







1,2-24------15------r;2-24----r51, :2"":f4 16 
541 573 531 

540 540 600 

180 190 178 

1,261 17- 1,303 16 1;3cf9 16 
4,772 62 5,015 62 5,134 62 
1,560 20 1,608 20 1,698 20 
1,337 18 1,408 18 1,452 18 
7,669 100 - 8 ,03Y---rO 0 8 ~ :t84 -laO 




















DEVELOPMENT OF FIXED CAPITAL INVESTHENT 
FOR CRUSHING AND -SCREENING PLANTS~'-
M$ 
3"­ 2 1/2"­ '-2"'::--~--1-1/2 ;r::­
Total Onsite Cost 7,669 8,031 8,284 9,301 
Utilities 
Main Electric Substation(l) 90 95 96 97 










Services (9% of Onsites + 
Utilities) 747 782 806 904 
Subtotal 9,042 9,469 --9-;766 10,953 
Labor Location Adjustment(2) 
Total Physical Cost 
301 
9,343 
315 325 365 
---9,7Sr-'--nr;09T---II, 318 
Engineering and Construction 
(25% of Physical Cost) 
Subtotal 
Contractor's Fee (7%) 818 856 883 990 
Contingency (15%) 1,752 1,835 1,892 2,122
--'­
Fixed Capital Investment (3) 14,249 14,921 15,389 17,260 
Fixed Capital Investment 
Rounded, HM$ 14.2 14.9 15.4 17.3 
NOTES: 
(1) Main electrical substation estimated based on total installed KVA. 
(2)Adjustment 	for lower productivity of area labor, incentives to 
attract labor, etc. Calculation based on a 20% increase on 
installation labor where base installation labor averages 20% 
of equipment cost. 
(3)For 	first quarter 1966. Excludes working capital, cost of 




(1) Cost of capital developed on Table 21. General basis for calculation are 2 yr. 
construction, 15 yr. life, SYD Depreciation Schedule, 7% investment credit, 10~ 
DCF return, and 50% tax rate. 
(2)Total 	cost excludes working capital, any burden required for distribution and 
selling expenses on oil, any burden required for corporate offices, research anC 
development charges, any financing charges, and escalation. 
(3)Rounded totals obtained by adding rounded differential costs to l3.4¢!Ton. 
(4 ) Calculated with v70rk Index = 12. 






DEVELOPlcmNT OF COST OF CAPITAL 
Sample Calculation 2 l/}~'- Case 
Investment 
Credit or DCF Discounted 
Investment Depreciation Factor Cash Flm'l 
Year M$ H$ @ 10% M$ 
o 1.0000 

1 5,304 371 .9091 +4484.3 

2 9,617 673 .8264 +7391.2 

3 -1,865 .7513 -1401.2 

4 -1,741 .6830 -1189.1 

5 -1,616 .6209 -1003.4 

6 -1,492 .5645 - 842.2 

7 -1,368 .5132 - 702.1 

8 -1,244 .4665 - 580.3 

9 -1,119 .4241 - 474.6 

10 995 .3855 - 383.6 

11 870 .3505 - 304.9 

12 746 .3186 - 237.7 

13 622 .2897 - 180.2 

14 497 .2633 - 130.9 

15 373 .2394 89.3 

16 249 .2176 54.2 

17 124 .1978 24.5 

Totals 	 14,921 9-~O-214 -----:rrrS7S:-S 
- 7598.2 
Cost of Capital = t rIIt (l-c)DFi. ]
{l-tffDF( [----t-- - ~(DL) (DFi~. 7 
t;3+17 	 l::' ..... ' 
Where: c = Investment credit (fraction) 

Dt = Yearly depreciation, $ 

DFL = Yearly discount factor 

Ii = Yearly investment, $ 

t = Tax rate (fraction) 

Cost 	of Capital, r1$/yr. = 5 11 J 
Tr~~6.2859 L~(l1875.5) -7598.~ = 2569.7 
Cost of Capital, ¢/T 
$2.5697 X 10 6 Dav Yr. 100¢ 
yr. X 84 ;--OOOT X 365- Day X -$- = 8.38 ¢/Ton 
Bases For Calculation 
1. 	 Development of crushing plant starts one year after mine 
development starts. Investment allocated over blO years 
by an assumed expenditure schedule. 
.r.. 
') 
• 1:-(~Ci(~_t.j01-:;' c(:l]c~.~l':l·~-:C;(~ ~),.,. -::'. - _'-·'~._~~--:;*'4~(;~£lI~S cli0its mctho(JC·l. 
o'\/er. a fi·: ce2rl 1; fn .. .; _-:,)~~l '~:-:? ~lal:'1<:; ta~:(:;n as zero. .,.'-':...L 
seven percent investment credit is taken, and the tax rate is 





OPERATING LABOR COSTS 
General Concept: 
Centralized control for b<7O areas - one area to include 
crushing and transportation to the storage area, the other 
area to include transportation from storage, screening, 
and transportation to the retort feed system . 
. Staffing: 
Hen Per Shift 3"- 2 1/211- 2"- 1 1/2"­
Shift Foreman 

Duties - Local Supervision 1 1 1 1 

Chief Operator (one each area) 

Duties - Control Overall 

Production 2 2 2 2 

Operators (one each station) 

Duties - Responsible for proper 

operation of individual 

equipment 3 3 3 4 

Laborers (used where needed) 

Duties - Assist Operators, 

cleanup 3 3 4 4 

Total Per Shift 9 9 10 11 
Men required for shift work - 1960 

hrs/man yr. based on 40 hr. week, 

average vacation of 3 weeks, and 

overtime equal to lost time 39 39 43 48 

Crushing and Screening Plant 

Supervisor 1 1 1 1 







Shift Foreman $4.l0/hr. 

Hourly (5% bonus added for underground duty) 







Benefits - 25% of base wages 
Operating Labor Cost: 
 3 11
 _ 2 1/21~ 2"_ 1 1/2"­
-,f9-' ­Total Hen 40 40 44 

Total 1'Jages r H$/yr. 267.1 2G7.1 290.7 323.1 

......, ",""Average Wage, $/hr. 3.21 ) • 1.1. 3.18 3.17 

Benefits, l,t$/yr. 66.8 66.8 72.8 80.8 

Total Operating Cost, r-1$/yr. 333.9 333.9 363.5 403.9 







Basis: Maintenance costs increase with age of equipment. 
(See Reference 2, pages 329 - 334). 
Development of Expenditure Sche~u1e: 
Assumptions:
1. Total expenditure over 15 years averages 6% of 
3 11investment per year for - case. 
2. First year expenditure is $200,000. 
Expenditure Schedule: 

M = .00656IT + 106500 

M = Yearly maintenance cost for year T,$ 
I = Original investment,S 
T = Age of investment, 'years 
Sample Calculation for 3" -:_._C;ase.:-.­
Maintenance DCF Factor Discounted Cash 
Year Cost - 11.$/Yr. 10% Flow - !v!.~/Y~ 
3 200.0 .7513 150.3 
4 293.4 .6830 200.4 
5 386.9 .6209 240.2 
6 480.4 .5645 271. 2 
7 573.9 .5132 294.5 
8 667.3 .4665 311.3 
9 760.8 .4241 322.7 
10 854.3 .3855 329.3 
11 947.7 .3505 332.2 
12 1,041.2 .3186 331.7 
13 1,134.7 .2897 328.7 
14 1,228.1 .2633 323.4 
15 1,321.6 .2394 316.4 
16 1,415.1 .2176 307.9 
17 1,508.6 .1978 298.4 
Totals 12,814.0 6.2859* --4';358.6 
*Tota1 for DCF factors from year 3 to year 18. There is no 
maintenance during construction years 0 - 2. 
Undiscounted Maintenance Cost: 
12.814 X 106 X 10 2 
14.249 X rOS-"'X 15- = 6% of investment per year (assumption 1) 
Discounted Maintenance Cost: 
69. 338 ~~ l06¢ 
2.26¢/Tonyear 
TABLE 23 continued 

.69338 X 10 6 X 102 

14.249 X 100--- = 4.86% of investment per year 
Maintenance costs calculated by same method as above 




ESTIMATE OF I'1INH1UM AND HAXH1UH 
-CRUS-IfH1G cos'f15tp-PERENTIALS­
A. Minimum Cost Differentials 
Assume minimum to be given when only the cost of the additional crushers 
required are added. 
2"Invest!TIents, !'-1$ 3" 
3"- Secondary Crushing Plant (base) 1,806.5 1,806.5 1,806.5 1,806.5 
Additional Crushers 135.2 .253.6 681.5 
Subtotal 1,806.5 1,941~7---2~060~i 2,488.0 
Hiscellaneous @ 2% 36.1 38.8 41.2 49.8 
Delivery Charges 2.6¢ (1.02)
--$- 1--:-127 42.5 45.7 48.5 58.6 
Equipment. 1,885.1 2, 026--:-2--2~-149--=-8---- 2,596.4 
All Other (48.3%) 911.1 979.3 1,039.0 1,254.8 
Total Secondary Crushing 2,796 3,005---3;-189 3,851 
All Other Facilities 4,873 4,873 4,873 4,873 
Total Onsite 7 , 6~--7-;8'r8--8-;062---8-;1n-
Fixed Capital Investment 14,249 14,637 14,979 16,209 
Production Costs 3" ~/2" 2" 
Cost of Capital 8.00 8.22 8.41 9.10 
Maintenance 2.24 2.30 2.35 2.55 
Insurance, Taxes, and General 
Overhead 1.40 1.43 1.47 1.59 
Electricity, Ope Labor 1.76 1.78 1.90 2.17 
Total 13 •40-·-13:73---14 . 13,....-----:rS-. 41 
Differential .33 .73 2.01 
B. ~1aximum Cost Differentials 
unit cost of 3"- secondary crushing plant = 2,796 = 699 M$/crusher 
4 
Assume maximum differential to be given when the unit cost as defined 
above is used to calculate investment. 
211Investments in 3" ~!2" ~:V2" . 
No. of Crushers 4 5 6 9 
Unit Cost Per Crusher 699 699 699 699 
Total Secondary Cost 2,796 3,495 4,194 6,291 
All Other Facilities 4,873 4,873 4,873 4,873 
Total Onsite 7,669 8,368 9,067 11,164 
~. 
F Cc:rpi tfl.l Investf'ent 14,2.:3c) 1:,,548 16,846 20,742 
----------TABLE 24 (continued) 
211Production Costs in ~/2'~ 
Cost of Capital 8.00 8.73 9.46 11.65 
Maintenance 2.24 2.44 2.65 3.26 
Insurance, Taxes, and 
General Overhead 1.40 1.52 1.65 2.03 
Electricity, Op. Labor 1.76 1.78 1.90 2.17 
Total 13 . 4-0--14 • 4 7--i5~66- -r9-:Tf 






COST OF SCREENING VERSUS NUMBER OF FRACTIONS 
--···~--·-F6R--2 l/2"iC =CRUsTI!fD SHALE ----­
Total Number of Fractions (1)
2 3 -~-'-4--Investments in 
Screening Plant 
Major Equipment (Installed) 415 573 602 
Total Onsite 1,042 1,303 1,275 
Total Onsite Cost (Crushing and 
Screening) 7,770 8,031 8,003 
Total Physical Cost 9,471 9,784 9,751 
Fixed Capital Investment (2) 14,444 14,921 14,870 
Production Costs in ¢/Ton(3) 2 3 4 
Cost of Capital 8.11 8.38 8.35 
Maintenance 2.27 2.35 2.34 
Operating Labor 1.09 1.09 1.09 
Electricity @ l¢/Kvmr. .68 .69 .69 
Insurance and Taxes .71 .73 .73 
General Overhead .71 .73 .73 
rr:57---l3-.91--­Total 19.93 
Calculated Differential -.40 (ba~e) -.04 
Rounded Differentials (4) -.4 (ba~e) +.1 
NOTES: 
(l)Total number of fractions equals retorted fractions plus 
a discarded 1/4"- fines fraction. 
(2)Fixed Capital Investment calculated from total onsite cost 
by method shmm on Table 19. 
(3)Same basis used for calculations as in Table 20. 
(4)A review of the calculations for 3 and 4 fraction systems 
indicated the -.04 differential might be a result peculiar 
to the calculations and cost estimating technique. It was 
judged that a slight increase cost for 4 fractions over 






CRUSHING COSTS FOR A 20% DCF RETURN 

Production Costs in 3"_ ~y2"=- 2"_ 1 1/211­
Cost· of Capital(l) 15.53 16.26 16.76 18.81 
Haintenance 1.86 1.93 1.98 2.18 
Operating Labor 1.09 1.09 1.15 1.32 
Electricity @ l¢/KWHr. .67 .69 .75 .85 











Rounded Total(3) 20.5 21.4 22.1 24.8 
NOTES: 
(1) Cost of Capital developed same as Table 21 except 20% DCF 
return required. General basis for calculation are 2 year 
construction, 15 year life, SYD depreciation schedule, 7% 
investment credit, 20% DCF return and 50% tax rate. 
(2)Calculated at 1.5% of investment per year. 
(3)Total 	cost excludes working capital, any burden required 
for distribution and selling expenses of oil, any burden 
required for corporate offices, research and development 
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Several quicky economic studies have been done over the past few 
months. One study updates the one fraction versus two fraction 
system economics based on Retort No. 3 data. The other study 
deals with the economic effect of liquid withdrawal on the process. 
Table 1 gives economics for demonstrated operations on Retort 
No.3. The two fraction system at the lower mass rates is clearly 
the most attractive. If the assumption is made that 1/4 inch 
minus material will be processed in a commercial operation (i.e. 
by TOSCO or another process), then the Gas Combustion operation 
with the highest average yield will always look most attractive. 
Table 2 gives a summary of economic incentives for liquid with­
drawal. The best demonstrated Retort No. 3 run is significantly 
more expensive than the best case in the Fall 1966 economic 
studies. This is because of lower yields and lower mass rates. 
If liquid withdrawal allows 95% yield at 1,000 mass rate to be 
obtained, a maximum incentive of 17.1¢/bbl (before additional 
costs) exists over the best present operation. Cases 1, 2 and 3 
on Table 2 show net incentives for different levels of compression. 
The exponent for increasing pressure drop must be less than 3 for 
liquid withdrawl to have a significant advantage. 
Actually, credit for liquid withdrawal exists only if yields'can 
be improved~ Compression and additional equipment cost about 
balance the saving in retort structure at 1,000 mass rate. A 500 
or slightly higher mass rate at 95% yield may well turn out to 
be optimum. This is shown in Cases 4 and 5 on Table 2. 
Tables 3 through 5 give details on the calculations made for the 
liquid withdrawal system. These estimates are necessarily rough; 
consequently, only large differences between cases have any 
meaning. If liquid withdrawal proves feasible, it may be desir­
able to do a detailed cost estimate of a system for conwercial 
operation in order to firm up these calculations. 
/F C'· /:ij,{/7-T-C.. 
I 
R. A. Reitz 
rl 
Attachments 
cc: All Technical Personnel 
T.t-._i.E 1 
ECONOMICS FOR RETORT NO. 3 OPERATIONS 
Shale Size 1/4 to 2 1/2 1/4 to 1 1 to'2 1/2 1/4 to 1 1 to 2 1/2 
C990 
Retort 3 Run C1049 C1051 C1027 C1051 C1028 
No. of Balances 6 3 8 3 9 
Yield Obtained 82.1 88.6 87.1 88.6 83.4 
Fischer Assay 27.9 27.4 25.0 27.4 25.4 
Yield Co11ycted to 30 GPT 82.7 89.3 88.6 89.3 84.8 
Process Conditions 
Wt.% of Mine Run 93 22.6 69.5 22.6 69.5 
Mass Rate 500 300 400 300 500 
Air, HSCF/T 4.7 5.2 4.6 5.2 4.7 
Recycle, MSCF/T 11.7 13.0 14.5 13.0 12.9 
Dilution, MSCF/T 1.6 1.6 
Retort 6. P, in H2O 12.2 4.1 7.0 4.1 10 
Bed Height, feet 15.5 11.5 10.5 11.5 11.5 
Cost of Oil, ¢/bb1 +1.7(2) base +0.3 
Relative to fall 
1966 studies(3) +6.0 +4.3 +4.6 
(l)Corrected by regression analysis term of 0.309 ~Fischer Assay. 
(2)The 	500 mass rate is optimum for 1/4 to 2 1/2 inch shale; 300 mass rate operation at 86% yield 
would cost about an additional 3¢/bb1. If 96% of mine run is~~rocessed, than cost of oil is 
-1.1¢/bb1 relative to base case. 
(3)No 	fines processed, 1/4 to 1 inch at 500 mass rate with 91.3% yield and 1 to 2 1/2 at 500 mass 




. TABLE 2 
.SUMlv.l.aJ.{Y OF COSTS FOR LIQUID \VI'L_.JRAWAL 
(POR RESEARCH QUIDANCE ONLY) 
·Best Case in fall, of 1966 economic studies 
(1/4 to 1 and 1 to 2 1/2 at 500 mass 
no fines) 
Best Retort No. 3 Operation to Date 
. (See Table 1) . 
Haximum incentive for 1,000 mass rate 
and 95% yield 
(No fines processed) 
Haximum Credit For Liquid lVi thdra\va1 
Case 
Hass Rate 
% RSFA Yield 



































1. Easier seperation of oil from H20. 
2. Advantages of heavy and light product oil streams. 
Additional Debits: 
1. 	 Equipment to seperate dust from oil. 
2. 	 Higher gas rates required for 95% yield which will raise 
compression cost. 
3. 	 Increased bed height for heat transfer at 1,000 mass rate. 
4. 	 Cost of hot oil cooling and oil recirculation system. 


























CREDIT FOR 1,000 ~ffiSS RATE AND 95% YIELD OPERATION 
(FOR RESEARCH GUIDANCE ONLY) 
Ca!3es Considered 
Previous Bent Case Ne\.;r Case 
Fraction \,It • % Y.ie_lq .l1ass_..Rat~ W.t_'!L~_ Xielcl }·lass_.Rate. 
1 to 2 1/2 69.5 88.5 500 69.5 95 1,000 
1/4 to 1 22.6 91.3 500 22.6 95 1,000 
fines discarded 7.9 7.9 
100.0 82.1 500 100.0 87.5 1,000 
No change in bed heights or gas rates assumed. 
Retorting Cost at 1,000 Mass Rate Plus 95% Yield 
Base Case Ne;w Case 
Yield 95 95 
Mass Rate 500 1,000 
Air, MSCF/T 4 4 
Recycle, MSCF/T 12 12 
Costs in ¢/bbl Proration exponent 
Retort for mass rate effect 
Onsite Invest. 9.8 6.5 .6 
Utilities, Offsites 8.5 6.9 .3 
Operating 10.5 9.1 .2 
Compression 

Onsite Invest. 2.7 2.7 

Operating 8.7 8.7 

Total 40.2 33.9 
References 

August 1964 Honthly Progress Nemorandum 

August 1965 Monthly Progress Memorandum 

Credit For 1,000 Hass Rate and 95% Yield 










Compression Adj. o 







Analysis of Incentive 

¢/bbl % Source 

6.5 51 Yield Improvement 
6.3 49 Hass Rate Improvement 





COST ESTUlATE FOR \VITHDRAWAL EQUIPHENT 
(FOR RESEARCH GUIDANCE ONLY) 
Investment' 
Bases: (1) Sketch by R. L. McGalliard dated 6/6/67 and 
handed out at 6/7/67 Biweekly Meeting. 




 500 	 1,000 
3/8 inch carbon steel plate 45/55 $ 1,300 $ 1,300 
6,000 lbs structural steel 80/20 1,100 1,100 
40 cyclones 16,800 29,600 
30 shale down comers 75/25 5,000 7,000 
Cyclone liquid collector pipes 70/30 4,400 4,400 
Deck liquid drains . 45/55 4,500 4,500 
Sub Total 33,100 
----,
47,900 
Miscellaneous materials (10%) 3,30,0 4,800 
Installed equipment 37,460 52,700 
Engr., Construction, Fee, etc. (20%) 7,500 _~1:;..;O,500 
Total erected cost per retort 44,900 63,200 
Number of retorts 40 22 
Incremental Investment for 50 MB/CD $1,800,000 $1,400,000 
Notes: (l)Material and labor split. All equipment on a fabricated and 
installed bases. 
(2)Above 	estimate very rough because of lack of a specific design 
and lack of good cost data on components. 
.Hass Rate 
Incremental Cost Per Barrel 500 1,000 
Capital cost @ l¢/bbl per ~lli$ 1.8 174 
42 u additional bed height 1..3 1.3 









COST OF PRESSURE DROP AT 1,000 MASS RATE 
(FOR RESEARCH GUIDANCE ONLY) 
_ Conditions: 4,200 SCF/Ton of air 
21,000 SCF/Ton of total gas 




-Exponent for ~p increase 2 3 4.2 

Additional ~P/.D.L over 

base case ,6' P/6L, inches 

H20/ft. 2.3 4.9 11.7 

Cost of Additional Compression in ¢/bbl 

(21,500 SCF Total Gas/Ton) 

Power at 1.0¢/KWhr 4.1 8.8.' 20.3 

Power at 0.7¢/KWhr 2.9 6.2 14.2 

Equation Used 
Eq. 1. Pressure drop equations developed by J. W. Hasz and 
given on p.ll Technical ,Memorandum 67-3 
Eg. 2. ~~ =(~Jl ~~b)3 (Assumed for study) 
n.p/6 H = Pressure drop 

G = Gas mass velocity 

Eq. 3. Pressure drop equation developed by J. E. Burchfield and 
given on p. 22 of the August 1965 Monthly Progress 
Memorandum. 
Rn.Reitz 
7/31/67 
r 

